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ON THE · SYNTHESIS OF CERTAIN 
HALOGEN-CONTAINU~G AZO DYES, AND THE EFFECT 
OF THE HALOGEN ON THE. COLOR 
The object of this work was to show what · 
effects the different halogens have on the color. 
The base used was o-toluidine, except in Preparation 
XIII; all the halogens were introduced in the p~ 
position with respect to the NH2 group. 
x = Cl , Br or I • 
CHs 
OH2 . Br (?) 
The acid coupled with was R and G (Amidonaphthol sulphonic 
acid G, or: gamma acid). 




. COOH NH2 
S03H acid 
The first part of the work was taken up in pre-
paring the different halogen derivatives and coupling 
them with R and G acid. 
PREP.A.RAT! ON :f. 
The.first compound made was l-CHa-2-NH2-5~I-CaHa. 
1.!aterial: 
26 grams o-toluidine· (redistilled B.P. 195°). 
61.2 grams iodine. 
25 grams·calcimn carbonate. 
60 c.c. ether. 
60 c.c. water. 
The mixture was heated on a water-bath, using 
a reflux. The reaction was complete after all the 
iodine had gone into solution, and iodine vapors 
ceased to be given off (4 hours). 
The resulting product was steam distilled. 
A white to purple oil distilled, which on standing 
solidified. On recrystallizing from gasoline the 
0 
crystals were grayish. white. M. P. · 87. . The IvI. P. 
given by the authors, 91-92°. 
HI +· CaCOs = Cal + H20 + C02 
PREPARATION Il. 
Coupling l-CHs-2-ITifa-5-I-Cs~a through the 
diazo reaction with the sodium salt of_R acid. 
Material: 
7 grams I-CHs-2-1112-5-I-CsHe. 
2.1 grams so di tun. ni jiri te •· 
IO c.c. hydrochloric acid. 
9. 2 gr~s R acid •. 
-2-· 
Procedure: 
The solution is now a. deep-red color. On adding a · 
saturated salt solution the dye precipitat~d out. This 
was filtered 'off and dried at 110~ c . 
.Analysis: 
I II III IV v VI VII 
Weight of dye .1762 .1570 .3657 .1501 • .1256 • 2122· .1440 
Weight of Na2S04 .1098 .0641 .0664 .0239 .0185 .0369 .0245 
· Percent Na 20.67 13.20 5.88 5.14 4.77 5.6!3 5.51 
.Percent Na theo. 7.77 
Analysis' I was rtm before the sample was washed. 
II n n after one washing • . 
III TT . tr " washing that left from II. 
IV n " n " TT · U III. 
v " 1T " TT " n n IV twice. 
VI and VII were run after washing the original, · 
using -three di:fferen t waters. 
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Method of Washing: 
The dye was placed in a test tube and shaken 
vigorously with cold water. The water was filtered off 
immediately on account of the solubility of the dye. 
It was then dried at 110°. A small sample was then 
weighed out into a crucible, heated gently. A few 
drops of c. p. H2S04 were added. On heating the 
· iodine , volatilized first, then the compound charred 
down. . On retreating it with H2 S04 and driving off 
the excess a perfectly white precipitate of Na2S04 
was obtained. It is yellow, hot, but white when cold. 
PREPARATION III. 
Coupling l-CHa-2-NH2-5-I-CeHe through the 
· diazo reaction with the sodium salt of G acid. 
Material: 
7 grams l-CHs-2-NH2-5-I-CaHa. 
2.1 grams sodium nitrite. 
10 c.c. hydrochloric acid. 
7.2 grams G acid. 
The. base was dissolved in dilute HCl. Cooled to 
+2° and diazotized with NaN02. The G acid was dissolved in 
l:IaOH. Cooled to +2°. . The solution was mechanically stirred~ 
T~e diazo compound was added to it. After stirring for 
thirty minutes a saturated salt solution was added. The 
dye precipitated out. It was filtered and dried . 
.;..4;:,.. .. 
Analysis: 
I II III IV 
W~ight . o·a. dye .1764 .1853 .4775 . • 1056 
Weight of Na2S04 .0680 .0739 .osee ~0154 
Percent· Na 12.48 12 •. 90 4.66 ·4. 72 
Percent Ha thee. 4.55 
Analysis I and II were run before washing the dye. 
III and IV, after was.hing the dye with water. 
He 
PREPARATION ~V. 
Preparing p-Br-o-toluidine· directly. 
Material: 
26 grams l-CHs-2-~rn2-CeHa. 
36 grams bromine. 
25 grams calcium carbonate. 
60 c.c. ether. · 
60 o.c. water. 
All these reagents were mixed together, except 
the bromine. The solution was now cooled, and the· bromine 
added carefully with constant stirring. It was then heated 
on a reflux four hours. The ether was then .distilled off. 
The liquid was steam distilled. Recovery of one gre.m of 
product which mel'ted at 54 °. The M. J?. of para-Br-o-




__ . ·Preparing p-Br-o-toluidine thru the acetyl derivative. 
Material: 
107 grams o-toluidine. 
60 glacial acetic acid. 
This mixture was boiled, using a reflux condenser, 
for fifteen hours. Precipitated by pouring into cold 
water. 
40.5 grams of the acetyl derivative was dissolved 
in 150 grams of glacial acetic acid. Cooled in the ice 
bath. The solution was stirred automatically. 48 grams 
of bromine was added. The mixture was then allowed to 
come to room temperature and poured into water. It was 
filtered and dried.· The yield was 95% of the theoretical. 
This p-Br-acet-o-toluidine was treated with 48 
grams of KOH in 400 c.c. of alcohol under a reflux con-
denser for 24 hotirs. The alcohol was then distilled off. 
Water was added, and the solution steam distilled to drive 
over the p-Br-o-toluidine. It was recrystallized from 
gasoline. M.P. 58°. Yield 37 grams. ( 64%). 
&HCOCRa 









Br ONH2 + KOH = Br + CH3COOK 
PREPARATIOU TI_. 
Coupling p-Br-o-toluidine thru the diazo reaction 
with the sodium salt of R acid. 
Material: 
5.5 grams p-Br-o-toluidine. 
2 grams sodium nitrite. 
10 c.c. hydrochloric acid. 
8.9 grams R acid. 
The p-Br-o-toluidine was dissolved in dilute HCl. 
The solution was next cooled to +2°. It was automatically 
stirred while a cold solution of sodium nitrite was added. 
The excess sodium nitrite was noted by the starch-iodine 
test. 
The R acid was dissolved in NaOH and cooled to +2°. 
Next the diazo compound was added, care being taken not 
0 to let the temperature rise above +5 • An excess of NaOH 
-7-
was added so that the solution was always alkaline. 
Soiution deep red color. Adding a satrirated salt 
soluti~n, the dye precipitated out. 
Analysis: 
I II 
Weight of dye .1022 .3463 
Weight of Na2S04 .• 0510 .1000 
Percent Na 16.50 9.34 





Analysis· I was run without washing the dye. 
II was washed and dried once. 




SOsN SO a Na 
PREPARATION VII 
Coupling :p-Br-o-toluidine with G acid (sodium salt) 
thru the diazo reaction. 
Material: 
7 grams p-Br-o-toluidine. 
2.6 grams sodimn nitrite. 
10 c.c. hydroc}1loric acid. 
-9.l grams G acid. 
-a-. 
The base was dissolved in dilute HCl. Cooled to 
+2°, and diazotized with sodium nitrite. Mechanically 
stirred. The G acid was dissolved in Na.OH· ·An excess 
of Na.OH was added to neutralize the excess acid from 
the diazo compound. It was then cooled to +2° and the 
diazo compound added to it. After stirring fifteen 




Weight of dye .1032 .2639 
Weight of Na2S04 .0272 .0385 
Percent Na 8.50 4.72 
Percent Na thee. 5.02 
Analysis I was run without washing. 
II was ru.n after washing I once. 




53 grams .acet-o-toluidine. 
100 grams aceti~ acid (glacial). 
-9-
52 grams bleaching powder. 
50 grams KOH. 
125 c.c. alcohol. 
The acet-o-toluidine was dissolved, by gently warming, 
in a mixture of glacial acetic acid and alcohol. The 
solution was next diluted to 1000 c.c. and heated to 50°. 
At this temperature a cold solution of bleaching powder 
was added. During the addition.of the bleaching powder 
the mixture was continually stirred. The p~Cl-acet-o­
toluidine was collected, washed with water, and re-
crystallized from alcohol. 
The :p-Cl-acet-o-toluidine was dissolved in 125 
c.c. of alcohol and hydrolyzed with 50 grams of KOH, 
boiling for twelve hours on a reflux. The alcohol was 
distilled off·, then the p-01..:.0-toluidine was steam 
distilled. M.P. 29~. 
CH3 
OHCOCH.3 + CaOCl2 + 2CHaCOOH 
ONHCOCHs . + (CHs.C00)2Ca + HCl + H20 Cl . 
CH a . 




Coupling p-Cl-o•toluidine with the sodium salt of 
R acid thru the diazo reaction. 
:Material: 
4.5 grams .p-Cl-o-toluidine. 
· 2.2 grams sodium nitrite. 
10 c.o. hydrochloric aci~~ 
9. 7 grams R . acid • . 
The base was dissolved in dilute HCl. Cooled to 
+2° and diazotized with sodium nitrite. The R acid was 
dissolved in NaOH. After cooling it to +2° the cold 
diazo solution was added to it. A small excess of NaOH 
was .added to neutralize any excess acid from the diazo 
compound. After stirring for thirty minutes and adding 
a saturated salt solution the dye precipitated out~ 
Anal.ysis: 
I II ·III 
Weig}l.t of dye .1794 .1818 .1710 
Weight of Na.2SO..a, .0645 .. 0611 .0503 
Percent Na 11.86 10.87 9.50 
Percent Na theo. 9.19 
Analysis III was run after rewashing that left from 
Analysis II. 




Coupling p-Cl-o-toluidine with G acid (sodium salt) 
thru the diazo reaction • 
. Material: 
4.5 grams p-Cl-o-toluidine. 
2. 2 grams sodium nitrite. 
10 c.c. hydrochloric acid. 
7.6 grams G acid. 
The base was dissolved in dilute acid. Cooled 
to +2° and diazotized with sodium nitrite. The G 
acid was next dissolved in NaOH. Cooled to +2° and 
the diazo compound added to it. After stirring thirty 
~,minutes the dye was preci:pi tated out with saturated 
salt solution. 
Analysis: 
Weight of dye 
Weight, of Na2S04 
Percent Na 


















10 grams p-Br-o-toluid.ine. 
14 grams iod.ine. 
12 grams calcium carbonate. 
30 c.c. ether. 
30 c.c. ·water. 
.. OCH .  3 NH.2 . . B ? . 
This mixture was heated on a water bath for fifteen 
}lours, using a reflux. The ether was distilled. off, then 
the resulting product was steam distilled. A white 
fl'ocoul.ent precipitate, insoluble in water, caine over • . 
This wa.s recrystallized from gasoline. 
.Analysis: 
0 M.P. 62 • 
For nitiogen by the Kjeldahl method. 
I II 
Weight of sample .2660 .4668 
25 c.c. N/15 HCl used. 
16.l c.c. Na.OH used to 
neutralize the excess. 




l c.c. HCl = .0021 grams N. 
.0021 x 5.85 _ 4 G3~ N .2660 T • ~ • 
25.2 c.c. N/15 HCl used. 
12.7 c.c. Na.OH used to 
neutralize . the excess. 
12.7 x 1.19 = 15.11. 
. 25. 20 
15.11 
10.09 
. .0021 x 10.09 _ 4 .54% N~ .4668 
The ratio 0£: HCl to NaOH is l~ 19:·.: ... l. 
Percentage of nitrogen (theoretical), 4.66. 
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:PREPARATION XII • 
The hydrochloride salt of l-CHs-2~NH2-3?-I-5-Br-CeHs. 
The l-CH3-2-lIB2-3?-I-5-Br-CaHe was dissolved in c. p. Celie, 
then dry HCl gas was passed in until the precipitation was 
complete. The CaHa was evaporated off on a water bath, 
finally drying in a.desiccator over H2S04 • 
.Analysis: 
Weight of sample 
I 
.1560 
The sample was dissolved 
II 
• 2530 
_ in warm water. · 
23~6 c.c. N/150 NaOH used 
·.to neutralize the 
acid liberated. 
39.40 c.c. N/150 NaOH used 
to neutralize the 
acid liberated. 
2~36 x 1.19 ~ 2.808 c.c. HCl. 
N/15 HCl = ;0005469 grams HCL 
3.94 x 1.19 = 4.688 c.c. HCl. 
. per c.c. · . 
2.808 ~ .0005469 - 9.48% HCl 4.688 x .0005469 
• 1560 ~ • 2530 
The ratio of HCl to NaOH is 1.19~:: ~ .1 .. 
:Per.centage of HCl ( th~oretical), 10. 2·3. 
PREPARATION XIII. 
= 10.14% HCl • 
:Preparing the acetyl. derfvative of l-CHs-.2-1'1"H2-3?-I-
5-Br-CeHe. 
The l-CH3-2-HH2-3?-I-5-Br-CeHe was treated with 
acetic anhydride. ani.e: .p:od:tfct formed was filtered off and 
dried. M.P. 154°. 




Coupling l-CH3·-2-NH2-3?-I-5-Br-CaHa with R acid 
thru the diazo reac~ion. · 
Material: 
2. 5 grams l-CH3-2-1m2-3?-I-5-Br-CeHa. 
•7 gram sodium nitrite. 
10 c. c •. hydrochloric· acid. 
2.5 grams R acid •. · 
The base was dissolved in dilute HCl. The solution 
was automatically stirred. After cooling in an ice bath.to 
+2° it was diazotized with Nalf02. 
o· The R acid was dissolved in NaOH, cooled to +2 • 
Thediazo compound was added.to it carefully, so that 
the temperat~e did not rise above +5° • 
. On account o:f' the small quantity o.f dye an analysis 
was n·ot run on . the :final .dye-stuff. A saturated salt 
solution vms added as in the other dyes, but the dye did 
not preclpi tate out ·even af-ter stirring for sixty minutes . 
. This solution was used· in dyeing the material. 




Coupling l-CHs-2-NH2-3?-I-5-Br-CeHa with G acid 
(so.di um salt) tbru the diazo reaction. 
lviateriiu .. : · 
2.5 grams l-CHs-2-NH2•3?-I-5-Br~CeHs • 
• 7 gra.m ·sodium nitrite. 
10 c.c. hydrochloric acid. 
1.95 grams G acid. · 
The base was dissolved in dilute HClt cooled to 
+2°, and diazotized with Na N02. The sodium salt of 
G acid was made by dissolving it in NaOH. The diazo 
compound was next added to it. After stirring for thirty 
minutes a saturated salt solution was added. 
On a.cc_qunt of lack of time no analyses were run 
on the. product • 
. ·. . OCH. 3 :N::N 
Br I? 2 
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.PART II. 
APPLICATION OF THE DIFFERENT DYES TO COTTON, 
WOOL AND SILK, WITH Alfi) WITHOUT A MORDANT 
General Theory of Dyeing~ 
The chemical theory: supposes that dyeing involves 
a chemical reaction· between the fibre and the dye-stuff, 
and .that a definite chemical compound known as a color 
lake is produced. 
The mechanical theory considers the· effect of 
dyeing to be simply a deposit of colored particles in 
the substance of the fibre an~ the combination so 
formed to be merely a mechan-icaJ.. mixture. 
The chemical theory is supported by the fact 
that wool and silk exhib.tt well defined chemical 
reactions of acid and. basic character. 
Acid dyes are principally used for the dyeing of 
wool and silk, and only to; a limited extent for the 
dye~ng of cotton. The baths are either made acid with 
H2S04 or CHsCOOH.-
·Basic dyes are used chiefly for dyeing cotton and 
· silk.- They are applied to the animal fibres directly 
from neutral baths. 
:i-~.· 
' \ ~ ,; 
. -·.' 
For cotton a mordant of acid 
-17 
character is used (tannin). 
The mordant dyes are exclusively used for the 
dyeing of wool. These dyes do not have a direct 
affinity for any of the fibres, and require the use of 
a metallic mordant in their application. 
Substantive dyes are so called because they have 
a ~irect affinity for all fibres. They are principally 
cotton dyes. · 
A;p;plication of Dye· Stu:ffs. 
General method of dyeing without. a mordant~. 
Bath 300 c.c. water. . 
60% Na2S04. ) . · . . . · . 
10~ H2 $0". ( l : 10). ) Based on the weight of 71(·-dye. · . , . ) "the clotli used. 
Temperature of bath 140° F. to start. · · . 
Place material in bath, turn every few minutes, 
so that the material is dyed evenly. 
Let simmer one-half hour. 
Remove and wash with water until wash water is clear. 
The Na2S04 acts as a retarding agent, causing the 
' dye to color more evenly. The general ratio of material 
to bath is l grum of material per 100 grams of water. 
In figuring the bath, it is made up according to 
the amount of material to be dyed. 
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ham:ple: 
For 3. 6 grams of cloth. 
3.6 x .07 = .242 grams of dye. 3.6 x .10 = .36 grams H2S04. 
3.6 x .6 = 2.40 grams Ua2SO"!!.. 
Precautions: 
( 1} Start the dye bath at a low temper at~ e and . 
heat gradually to the boiling point~ · 
(2) Do not add any acid until 'the dye has been· · 
,thoroughly worked into the materiaJ., and then .a,dd .the 
acid, in several. :portions during the d~eing. 
.. ( 3) Be sure that the dye stuff is dissolved. 
( 4) Do not use a short bath, i.e., one not less 
than 300 c. c •. 
(5) Cloth must not be put in the bath dry. 
Mordant Baths. 
Chrome Mordant: 
Bath 300 c. c. water. 
1.5 grams K2Cr20.,+ 1.5 grams KHC4H40a was ·added; 
bath was allowed to simmer thirty minutes. 
Total grams of cloth added, 22. 
S~:ples of 'cotton, wool and silk were used. 
Iron Mordant: · ·. 
The bath was same as above, except that 4 grams of 
FeSO~ ~ere used instead of K2Cr20~ ~ 
Alum Mordant: ·-----
The bath was same as above, except that 1.5 grams 
of K2SQ4Al~(S04)s•24H20 were used instead of 
K2Cr20., • . 
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··. · . 
Tin Mordant: 
The bath was the same as above, exce:pt that O. 5 
gram of stannous chloride was used instead 
of the Ke Cr20'7 and that l. O gram. of oxalic 
acid was used instead of the · tartrate. 
Tannin Mordant: ,: ,' 
The bath was the same as above, ·exc"ei)t that O. 5 
gram of ta1mic acid was used fnstead . o:E' the 
K:zCr20" and that ·5.0 grams of ·t'artar-emetic 
was used instead of the tartrate. 
Typical Methods of · Dyeing. 
The (IR)+ colors will be explained; this applies 
to . all the others as well • 
. The bath was made.up as stated. · The same amount 
of dye was ~sed in all . th~ · baths~ Strips o:E' cotton, 
wool and silk unmordante~~ were placed in the same bath •. 
l.,:, . . 
Strips of cotton, wool '. and silk mordanted v,ri th K2Cr2017 
were placed in a d~ffe~ent bath. Ea.oh bath. received 
the same treatment. 
By using the same concentration of all the baths 
it was possible to contrast the color and see what 




+Meaning the dye formed by coupling l-CHa-2-NH2-
5-I-CeH6 with the sodium· salt of R acid. (BrR) would 
have the same significance. 
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After the material had been dyed each set of dyed 
material was placed in a labelled envelope. 
Exposure Treatment. 
~· All the samples except the(IBrR) and the(IBrG) 
colors were exposed to the weather for four weeks. 
This was done to see what effect light and air had 
.. 
on the colors. Each sample was tacked on a board, 
one-half exposed to the air while the other ha~f 
was· covered. 
No change could be noticed on the wool and silk, 
but the effect on the cotton can be seen by: r..erferri:p.g . 
to the (IR) samples. 
By looking at the silk carefully one can see that 
., 
the mordant in some cases gives a brighter and in other 
cases a duller color.· For example, in the (IR) sam:ples 
the iron is darker than the tannin. 
The Ef'fe ct of. the Hal. ogen _2.!! the Color. 
The iodine ubmpounds, with the higher molar weight 
give a darker color. The bromine compounds give a 
lighter shade. The chlorine compounds give a still 
lighter color. For .example, the (IR), ( BrR), ( ClR) 
on silk. The iodine-brom compounds give a darker 
color than either ·the iodine or bromine compounds. 
-21 
- :· .. ~ 
This is logical. The higher the molar weight, the 
darker the color. 
In conclusion I am glad to take this opportunity 
to eXJ?ress my appreciation to Dr. F. B. Dains for the 
many helpful suggestions in carrying out this work. 
· Uni ver si ty of Kans as. 
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